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NOTATION 


Boam  of  planing  surface,  ft 
Skin  friction  drag  coefficient, 


-  SfVl 
2  /  m 


Resistance  coefficient,  R/wb^ 

Speed  coefficient  or  Froude  number,  V/yf^ 
Load  coefficient  or  beam  loading,  iS/wb^ 


Drag  coefficient  based  on  beam. 


R  2C'k 


P  y2i2 


Drag  coefficient  based  on  principal  wetted  area, 


R 


—  y2  s  _m_ 
2  6 


Lift  coefficient  based  on  beam. 


P  y2  ^2 


Lift  coefficient  based  on  principal  wetted  area,  -  =  — — 


Draft,  ft 

Friction,  parallel  to  planing  surface,  lb 
Acceleration  due  to  gravity,  32.155  ft/sec^ 
Chine  wetted  length,  ft 
Keel  wetted  length,  ft 


-V^S 


Vlean  wetted  length,  — ^ - -  ,  ft 


Centor-of-pressure  location  (measured  along  keel  forward  of  trailing  edge), 

M _  ,  ft 

A  cos  r  +  R  sin  r 

Trimming  moment  about  trailing  edge  of  model  at  keel,  ft-lb 
Horizontal  resistance,  lb 
V  I 

Reynolds  number,  — "L-'? 


Principal  wetted  area  (bounded  by  trailing  edge,  chines,  and  heavy 
spray  line)  projected  on  plane  parallel  to  keel,  I  6,  sq  ft 


Actual  wetted  area  aft  of  stagnation  line,  sq  ft 

Horizontal  velocity,  ft/sec 

Mean  velocity  over  planing  surface,  ft/sec 

Specific  weight  of  water,  Ib/cu  ft 

Angle  of  dead  rise,  deg 

Vertical  load,  lb 

Kinematic  viscosity,  ft^/sec 

Mass  density  of  water,  slugs/cu  ft 

Trim  (angle  between  keel  and  horizontal),  deg 


ABSTRACT 


This  report  is  one  of  a  series  on  the  experimental  investigation  of  the 
planing  characteristics  of  a  series  of  related  prismatic  surfaces. 

I 

The  principal  planing  characteristics  have  been  obtained  for  an  inverted 
V  prismatic  surface  having  an  angle  of  dead  rise  of  -10  deg.  Wetted  lengths, 
resistance,  and  center-of-pressure  location  were  determined  at  speed  coeffi¬ 
cients  ranging  up  to  19.5,  beam-loading  coefficients  from  0.8i  to  71.5,  and 
trims  up  to  30  deg.  Keel-wetted-length— beam  ratios  were  extended  to  approxi¬ 
mately  8.0  in  all  cases  where  excessive  loads  or  excessive  spray  conditions 
were  not  encountered. 

The  data  indicated  that  the  important  planing  characteristics  are  inde¬ 
pendent  of  speed  and  load  for  a  given  trim  and  are  dependent  primarily  upon 
lift  coefficient.  The  difference  between  keel  wetted  length  and  chine  wetted 
length  is  constant  for  a  given  trim  angle.  The  ratio  of  center-of-pressure 
location  forward  of  the  trailing  edge  to  the  mean  wetted  length  is  dependent 
on  trim  angle  and  on  wetted  length.  The  drag  data  indicate  that  the  friction- 
drag  component  is  a  large  percentage  of  the  total  drag  at  the  low  trims  but 
decreases  rapidly  with  increase  in  trim.  At  the  high  trim  angles  of  24  and 
30  deg,  the  induced  drag  exceeds  the  total  drag  and  indicates  an  apparent 
negative  friction  force. 

INTRODUCTION 

The  National  Advisory  Committee  for  Aeronautics  and  the  David  Taylor  Model  Basin 
have  undertaken  an  experimental  investigation  of  the  high-speed  planing  characteristics  of  a 
series  of  related  prismatic  surfaces.  The  principal  purpose  of  this  investigation  is  to  extend 
the  available  data  to  liigh  speeds,  high  trims,  and  long  wetted  lengths.  The  results  of  tests 
of  surfaces  having  angles  of  dead  rise  of  0,  20,  40,  and  50  deg  have  already  been  published.^'^ 
The  present  report  gives  the  results  obtained  witfi  an  inverted  prismatic  surface  having 
an  angle  of  dead  rise  of  -10  deg.  The  principal  planing  characteristics  were  determined  for 
speed  coefficients  up  to  19.5,  beam  loadings  up  to  71.5,  wetted  lengths  up  to  8  beams,  and 
trims  up  to  30  deg.  The  characteristics  determined  were  wetted  length,  resistance,  center-of- 
presffure  location,  and  draft  for  suitable  combinations  of  speed,  load,  and  trim. 

DESCRIPTION  OF  MODEL 

The  model  is  made  of  brass,  has  a  beam  of  4  in.,  and  a  dead-rise  angle  of  -10  deg. 

The  length,  exclusive  of  the  sheetrrnetal  fairing  on  the  bow,  is  36  in.  The  tolerances  and  the 


♦References  are  listed  on  page  6. 


finish  o!  the  ii.odel  were  the  same  as  those  described  in  Heference  1.  Figure  1  presents  a 
sketch  t  1  iiic  meiicl,  and  a  cross  section  sliowing  the  pertinent  dimensions. 

APPARATUS  AND  PROCEDURES 

general 

The  test  program  was  conducted  in  tlie  high-speed  basin  on  Carriage  3.  A  brief  des¬ 
cription  of  the  basin  and  carriage  is  given  in  Reference  7.  The  apparatus  for  towing  the  model 
and  the  instrumentation  for  measuring  the  lift,  drag,  and  trimming  moment  are  similar  to  those 
described  in  Reference  8.  A  diagram  of  the  model  and  towing  gear  is  presented  in  Figure  2. 

WETTED  LENGTH  AND  AREA 

The  wetted  areas  were  determined  from  underwater  pliotograph.s  in  the  manner  described 
in  Reference  6.  In  addition,  visual  readings  of  the  chine  wetted  lengtiis  were  recorded  with  the 
aid  of  a  scale  marked  on  the  side  of  the  model. 

Typical  underwater  photographs  of  the  brass  model  are  shown  in  Figure  3.  It  is  inter¬ 
esting  to  note  the  presence  of  air  bubbles  beneath  the  principal  wetted  area  in  the  photograph 
taken  at  a  low  trim  angle.  These  were  present  for  most  of  the  test  conditions  for  trim  angles 
of  1  to  12  deg. 

The  wetted  lengths  were  measured  from  the  trailing  edge  to  the  intersection  of  the  keel 
and  chines  with  the  heavy  spray  line  as  shown  in  Figure  3.  When  this  spray  line  was  not  dis¬ 
turbed  by  air  bubbles,  it  was  essentially  straiglit  from  keel  to  chine  tliroughout  the  range  of  the 
tests,  and  tlie  mean  wetted  length  was  therefore  the  average  of  the  keel  and  chine  wetted  lengtii.s. 

DRAFT 

Draft  measurements  were  obtained  by  the  method  described  in  Reference  2,  where  a 
vertically  oscillating  prod  was  used  to  measure  the  changes  in  the  water  level.  These  changes 
w'ere  applied  as  corrections  to  visual  draft  readings.  The  prod  was  located  slightly  forward 
and  to  the  side  of  the  model.  As  mentioned  in  Reference  1,  a  careful  survey  of  the  water 
surface  indicated  no  appreciable  gradient  in  height  in  the  vicinity  of  the  test  area. 

AERODYNAMIC  TARES 

The  aerodynamic  forces  on  the  model  and  towing  gear  were  held  to  a  minimum  by^the  use 
of  a  wind  screen  housing  the  test  section  of  the  towing  carriage.  Constructed  of  1/16-in. 
aluminum,  the  wind  screen  was  similar  in  shape  to  that  described  in  Reference  2. 

The  residual  windage  tares  were  determined  by  making  a  series  of  runs  at  various  speeds 
with  the  model  just  clearing  the  surface  of  the  water.  The  tares  for  drag,  load,  and  moment 
were  found  to  be  negligible  over  the  speed  range. 
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PRECISION 


The  quantities  measured  are  believed  to  be  accurate  within  the  following  limits; 


Load,  lb  ±0.15 

Resistance,  lb  ±0.15 

Trimming  moment,  ft-lb  ±0.50 
Wetted  length,  in.  ±0.25 

Trim,  deg  ±0.10 

Speed,  ft/sec  ±0.20 


RESULTS  AND  DISCUSSION 

GENERAL 


The  experimental  data  obtained  for  all  planing  conditions  where  the  deck  of  the  model 
was  dry  are  presented  in  Table  1.  The  corresponding  data  for  the  deck-wetted  condition  have 
been  omitted.  For  this  reason  the  data  for  2-deg  trim  angle  are  limited  to  low  wetted  length 
values.  However  the  data  for  tlie  planing  conditions  where  the  sides  were  wetted  (2*  and  4-deg 
trim)  have  been  included  in  Table  1  and  are  indicated  by  an  asterisk. 

The  load,  resistance,  speed,  wetted  lengths,  and  center  of  pressure  are  expressed  as 
conventional  nondimensional  hydrodynamic  coefficients  based  on  beam.  The  lift  and  drag 
coefficients  are  expressed  both  in  terms  of  the  square  of  the  beam  and  the  principal  wetted  area. 


Plots  of  the  data  are  presented  in  Figures  4  to  10.  When  plotted  against  the  experi¬ 
mental  data  generally  fall  along  a  single  curve  for  each  trim.  These  trends  are  the  same  as 


those  found  for  the  surfaces  having  dead-rise  angles  from  0  to  50  deg. 


WETTED  LENGTH 


The  variation  of  the  mean-wetted-length— beam  ratio  I with  is  shown  in  Figure  4. 
The  relation  between  the  keel-wetted-length— beam  ratio  ly'b  and  the  chine-wetted-length— beam 
ratio  lf./b  is  shown  in  Figure  5.  The  difference  between  the  chine  wetted  length  and  the  keel 
wetted  length  is  constant  for  a  given  trim.  By  definition,  a  similar  variation  necessarily  holds 
for  the  relation  between  the  mean  wetted  length  and  the  chine  wetted  length.  This  relationship 
was  used  to  obtain  the  mean-wetted-length— beam  ratio  from  the  visual  reading  of  the 
chine-wetted-length— beam  ratio  I ^/b  when  an  underwater  photograph  was  not  available  or  when 
the  heavy  spray  line  was  obscured  in  a  photograph  by  the  presence  of  air  bubbles. 


CENTER  OF  PRESSURE 

The  center-of-pressure  location  is  defined  as  the  distance  from  the  trailing  edge  to 
the  intersection  of  the  resultant  hydrodynamic  force  vector  with  the  keel  of  the  model.  A  plot 


of  center-of-pressure  location  in  beams  against  C,  is  presented  in  Figure  6. 

Figure  7  presents  plots  of  Ip/b  against  l^/b  for  each  of  the  trim  angles.  Contrary  to 
the  results  for  the  other  dead-rise  angles, there  is  evidently  not  a  straight  line  relationship 
between  l^b  and  l^/b  for  —10  deg  dead  rise.  Instead,  for  trim  angles  of  4,  6j  9,  and  12  deg, 
the  ratio  I ^/l ^  has  a  definite  tendency  to  decrease  with  increasing  mean  wetted  length.  The 
lim  I  indicated  in  the  plots  for  these  trim  angles.  For  the  trim  angles  of  2,  18, 

24,  and  30  deg,  where  the  ranges  of  the  values  of  wetted  lengths  were  comparatively  low,  a 
straight  line  has  been  drawn  through  the  points  in  each  case,  and  a  constant  value  of  Ip/l ^ 
is  shown.  The  deviation  from  a  straight-line  relationship  has  been  suggested  by  Shuford^ 
for  flat  plates  and  by  Savitsky^®’  for  small  angles  of  dead  rise. 


D.RAFT 

A  comparison  of  the  measured  draft  with  that  computed  from  the  wetted  length  is  pre¬ 
sented  in  Figure  8,  where  measured  draft  is  plotted  against  (l^/b)  sin  r.  The  purpose  of  these 
plots,  as  discussed  in  References  1  and  2,  is  to  establish  whether  a  pile-up  of  water  occurred 
at  the  intersection  of  the  planing  surface  with  the  free-water  surface.  At  the’higher  trims,  the 
measured  draft  was  less  than  that  computed  from  the  wetted  length  which  indicated  a  piling  up 
of  water  under  the  planing  surface.  At  low  trims,  however,  the  measured  draft  was  more  than 
that  predicted  from  measurements  of  the  wetted  length  and  suggested  a  depression  of  the  water 
level  at  the  leading  edge  of  the  planing  surface.  Evidence  of  this  phenomenon  is  also  pre¬ 
sented  and  discussed  in  Reference  4. 


BUOYANCY 

Following  the  practice  of  Reference  4,  the  light-load  low-speed  conditions,  where  the 
buoyancy  exceeded  20  percent  of  the  total  load,  were  considered  nonplaning  and  are  not  in¬ 
cluded  in  this  report. 


RESISTANCE 


The  resistance  data  are  presented  in  Figure  9  as  a  plot  of  drag  coefficient  Cp  against 

lift  coefficient  .  The  solid  lines  faired  through  the  data  represent  the  total  drag  whereas 
b 

the  dashed  lines,  defined  by  C,  tan  r  ,  represent  the  induced  drag.  The  difference  between 

b 

the  solid  and  dashed  lines  represents  the  friction  drag.  At  low  trims,  the  friction  drag  is  a 
larger  portion  of  the  total  drag  than  at  the  higher  trims.  At  high  trims,  the  induced  drag  exceeds 
the  total  drag  and  indicates  an  apparent  negative  friction  force.  At  these  high  trims,  the  volume 
of  forward  spray  is  large  and  appears  to  have  high  forward  velocity  with  respect  to  the  model. 
The  friction  drag  due  to  this  spray  acts  in  a  direction  opposite  to  that  of  the  drag  in  the  princi¬ 
pal  wetted  area  and  thereby  reduces  the  total  drag.  Similar  effects  were  observed  in  Reference 
4  and  are  more  fully  discussed  there. 
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Skin-friction  drag  coefficients  were  calculated  directly  from  the  tabular  data.  The 
skin- friction  drag  coefficient  was  assumed  to  be 


C 


F 


£  SfV 
2  ! 


2 

m 


where  F  is  the  friction  force  parallel  to  keel,  R  cos  t  -  4  sin  t; 

Sj  is  the  actual  wetted  area  aft  of  the  heavy  spray  line  or  S/cos  /S;  and 
is  the  mean  speed  over  the  surface. 

The  mean  speed  was  assumed  to  be  that  given  by  Bernoulli’s  theorem  for  a  surface  streamline, 
with  a  uniform  pressure  on  the  model  assumed  equal  to  A/S  cos  t  .  Then  is  given  by 


y  2  ^  y2 
m 


and  C^may  be  shown  to  be 


Cy=  cos  3  COST 


,  tan  r 
^6 


b  cos  T 


The  Reynolds  number  for  the  planing  surface  was  assumed  to  be  v  where  i;  is 

the  kinematic  viscosity. 

The  results  of  the  calculations  for  trims  at  which  the  friction  is  appreciable  are  plotted 
in  Figure  10  together  with  the  Schoenherr  line^^  for  fully  turbulent  boundary  layer  and  the 
Blasius  line  for  laminar  flow  on  flat  plates.  Most  of  the  coefficients  for  the  lighter  loads  and 
lower  Reynolds  numbers  were  erratic  because  of  the  marginal  accuracy.  All  conditions,  there¬ 
fore,  where  the  precision  of  measurement  changed  the  coefficient  by  more  than  20  percent  were 
omitted  from  this  plot.  The  grouping  of  the  data  along  the  Schoenherr  turbulenUflow  line  in¬ 
dicates  that  at  low  trims  and  high  Reynolds  numbers,  the  friction  drag  can  be  calculated  with 
reasonable  accuracy  by  use  of  the  Schoenherr  equation. 


CONCLUSIONS 

The  results  obtained  from  an  experimental  investigation  of  an  inverted  V  planing  surface 
having  an  angle  of  dead  rise  of  -10  deg  indicate  that  during  steady-state  planing,  the  important 
planing  characteristics  are  independent  of  speed  and  load  for  a  given  trim  and  are  dependent 
only  on  lift  coefficient.  The  difference  between  chine  wetted  length  and  keel  wetted  length  is 
constant  for  a  given  trim  angle.  The  ratio  of  center-of-pressure  location  forward  of  the  trailing 
edge  to  the  mean  wetted  length  appears  to  be  dependent  on  both  the  trim  angle  and  on  the  wetted 
length.  The  drag  data  indicate  that  the  friction-drag  component  is  a  large  percentage  of  the 
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total  drag  at  low  trims  but  that  it  decreases  rapidly  with  increase  in  trim  to  a  small  negative 
component  at  the  higher  trims.  For  practical  purposes,  the  total  hydrodynamic  drag  for  trim 
angles  above  12  cieg  can  be  considered  equal  to  the  induced  drag  of  the  surface. 
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TABLE  1 


Experimental  Data  Obtained  for  Minus  lO-Degree  Dead-Rise  Planing  yurface 

Average  kinematic  viscosity  =  1.062  X  10~^  ft^,/se<-;  average  specific  weight  of  basin  water  =  62.26  Ib/ft^. 
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and  Sketch  of  Model 


13 


gure  2  -  Setup  of  Model  and  Towing  Gear 
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Figure  3  -  Typical  Underwater  Photographs 
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Figure  5  -  Variation  of  Chine-Vi'etted-Length— Beam  Ratio  with  Keol-'Aotted-Longth-Beam  Ratio 
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Figure  8  -  Comparison  of  Experimental  Draft  Data  with  Computed  Curve 
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Figure  0  -  Variation  of  Crag  Coefficient  with  Lift  Coefficient 
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